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METHOD AND APPARATUS FOR GONDUCTING AN ARRAY OF 
' CHEMICAL REACTIONS ON A SUPPORT SiiHFACE 

BACKGROONB OF THE INVENTIQM 
5 This is a eontiouatioft'ifl-part of Serial No. 07/754,614 f iJed SepKraber 4, 

1991, 0endiJig. 
Fi^ld 9f the Invention 

The invcotion relates to methods for condueting a large number of chemical 
reactions on a support surfac«» methods for ntaking the sappojt surface, and the 

Ip support surface itself*. 

giimTharv of the R elated Art 

Prpppsals for the direct seQUcnciogof DNA by hybridization with arrays of 
oligonacleotidcs are known in the art. Drmanac ct al., GeBomics 114 (1989) 
proposes hybridization array-mediated DNA sequeaciag by binding target »N A to 

15 a dot blot membrane, followed by probing wiih an array of oligonucleotides. 
Khrapko et al, FEBS Letters US (i?89) proposes hybridization array-tacdiated 
Dbs'A sequencing by bindiTig the oUgoaucleotide array to a support meiBbranc, 
followed by probing with target DNA. 

Synthesis of arrays of bound oligonucleotides or peptides is also known i n the 

20 art, Houghton, in the Multiple Peptide System product brochure describes the T-bag 
mefhod, in which an array of beads is physicaHy sorted after each interaction. This 
method becomes unwieldy for the preparation of large arrays of oligonucleotides. 
Gsysea et al, J. immunol. Methods IS2; 259 (1987) discloses the pia method for tfae 
preparation of peptide arrays. The density of arrays that may be produced by this 

25 method is limited, and the dipping procedure employed in the method is cumbersome 
ia practice. Southern, Genome Mappingaad Sequencing Conference, May 1991, Cold 
Spring Harbor, N.Y., disclosed a scheme for oHgonucleotide array syitthesis is which 
selected areas on a glass plate are physically masked a»d the desired chemical 
reaction is carried out on the unmasked portion of the plate. In this tnethod it is 

30 necessary to remove old mask arid apply a sew on« after each iisteraction. Fodor ct 
aL, Scieace 251; 767 (1993 ) describes a aicthod for syatfecsizing very dense 50 micron 
arrays of peptides (and potentially oligoaaclcotides) usingmask-dircctcd photochem- 
ical deprotectien of synthetic intermediates. This method is littitted by the slow rate 
of photochemical deprotcction and by the susceptibility to side rcactiom {c.g., 

35 thymidine dimcr formation) in oligonucleotide synthesis, Kferapko ci al, FEBS 
Letters 2M; 1 1 S C 1989) suggests simplified synthesis and imrhobilization of multiple 
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dligonuckotides by direct synthesis on 8 two dimcnsiqna! support, sising a printef- 
lifec device capable of sampling each of the four nucJeotides iftto giveji dots oit tiie 
matrix. However, no particulars about Mow to laake or use such a device are 
provided, 

5 Sonie methods for permanently attaching oligoiiacleotjdes to glass ssiates in 

a manner sttitable for oiigonBcJeotide synthests are known in the art. Souther, Chem. 
abst. ill; 152979r {1990) desenbes a stable phosphate ester linkage for permanent 
attachment of otigonuclcotides to a glass surface. Mandenlus et aL, Ami. Biochem. 
ill; 2S3 (i986) teaches that the hydroxyaikyl group resembles the 5'-lsydroxy] of 
to oHgoaucleotidcs and provides a stabk anchor da which to iaitiate solid phase 
sypthssis. 

The related art contains ooraerous ideas and inforinatioB related to arrays 
ef chemical reactants on a solid support. However, existing or suggested methods are 
limited, and do not conveniently and reliably produce the very iarge, high density 
15 arrays. There is, therefore, a aeed for new methods for preparing large high density 
arrays of reactive sites. Ideally, such methods shotidd utilized reladveiy simple 
machinery to produce large, deiise arrays of solid phase boaad reactants in a 
reprodocifcle and rapid Baanaer. 
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S.L[MMAM..,Oy H E 1 N V E NT i ON 
This invention proviciss a method for conducting s large number of- chemical 
reactions on a support surface. Soiutsons of chemical resctants are added to 
functionalized binding sites on the support surface by means of a piezoeleciric 
5 p-amp. This pump deposits microdropLns of chemical reactarst soiutiors onto the 
binding sites. The chemical rcactanc st each binding site is separated from the 
others by surface (ension. Typically, the support surface has iO-10* functionalized 
binding sites per cm^ and each f uncuonalized binding site is about 50-2000 microns 
in diameter. Typically, the amounts of reagents added to each binding site is in a 
10 voiame of about 50 picoHter to 2 micrciitcr. The reactions st the fanctioaalized 
binding site may form covalent bonds such as esters or amide bonds or may involve 
notJ-covaicnt specific binding reactions such as antibody/astigen binding or 
oligonucleotide specific binding. The inventioa also includes array plates and 
ijsethods for making the array piatcs, 
15 TypkaUy, the array piates are made by the process set out in Figyrs 2A by 

(a) coating a support stsrface with a positive or negative photoresist 
substance which is subscqisentiy exposed and developed to create a patterned 
region of s first exposed support surface; 

(h) reacting the first support surface with a fluoroalkylsilase to form a 
20 stable f iuoroalkySsHoxane hydrophobic matrix on the first support surface; 

(c) removing the remiisiog phiJtoresist to_ expose a sccood support 
surface; aad 

(d) reacting the second support with a hydroxy or aminoalkylsilane to 
form dcrivatized hydropkilic bindiag site regions, 

25 The preferred siloxane reaction product of the present iftvention is tetradecanEoro- 
|,i,2,2-tctrahydrooctyl siioxane. In Figure 2A, the hatched lines are the solid 
snpport, "^l" represents a first exposed support surf »ce site, ^Sl -F'^IS » hydtophobic 
naoroalkylsiiane site, and "Sl-OH" is a deriyatized hydropisilic i?indiiig site. 

Alternatively, the array plates can be made by the prtjcess set out iii Figure 

30 2B by 

(a) reactinga support Siur fact! with a Hydroxy or aminoaikylsitane to f orm 

a derivatized hydrophilic sopport surface; 

jfb) reactjngtbe support snrfaec form step (a) w^^ 

ehipride as a temporary phdtotabile blocking to provide a photobiocfced 
35 support surf ace; 
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(e) exposing the photoblocked support suf face of step (b) light through 
a mask to create unbloefced areas on the support syrfacc with unblocked 
hydroxy or aisimoallcyisilaiie; 

(d) reacting the exposed surf ace of Step {c)w pcrf luoroalkanoyi haJide 
5 or per fJuoroalkylsuif onyl haiid* to fdrffi a stable hydrophobic (per fluorpacyl 

or perfiuorqalkylsuiifQMmido) alkyl sildxane matrix; aad 

(e) exposing this rcmaimng photdblpckcd suppart surface to create 
patterned regibhs of the ufiblockcd hydroxy- or aiamoaJkylsHaneto form the 
d^rivatlzed hydrophilic bindiog site tegioftsi, 

iO The preferred slloxanes tt the prescat iiivention are 3-perf I oorooetanoyloxy 

propyUibxaac and S-perflvotoociafiesulfoijamidd prd^ In Figure 2B, the 

hatched Jiaes are the solid support, "*A" represents a hydrophilic support site, "-A B* 
reprcseots a temporary photolshiie blocked support site, and "^A P rcprescats a 
hydrophobic site. 

35 The iavention also provides a method for determiaitig or confkming the 

oucieotide sequence of a target nucleic acid. The target aacieic acid is labelled by 
conveatiooa! methods aod hybridized to an oligonucieotides of k»owti sequence 
previously bouad to sites on the array plate. The array plate having bouad labeUcd 
target nucleic acid is then washed at appropriate striagcncy a«d the presence and 

20 location of bound labelled target nucleic acid is determiBcd using scanning 
aaalyzers. Since the sequence of the covalently attached oUgonuclcotide in each 
element on the array is known, this allows the unambiguous determination of the 
nueieotide sequence of the target nucteic acid. 

The methods of the invention may also be applied to the detsrminatioo of 

25 peptides or peptide mimetics that bind biologicaUy active receptors. In this aspect, 
peptide arrays of known seqaence can be applied to glass plates using the same 
piesoekctric pump/surface {cnsioa wall method described supra. The resulting array 
of peptides can then be used in binding analyses with biologically active receptor 
ligands to screen for peptide mimetics of receptor agonists aad antagonists. Thus, 

30 the invenricn provides a method for producing peptide array plates, peptide array 
plates having covaleatly bound psptid^is separated by surface tension areas, and 
methods of using such peptide array piates to screen for peptide mimetics of 
receptor agonists and antagonists. 

Those skilled in this art will recognize a wide variety of binding site and 

35 chemical reactants for forming cither covalcnt bonds or for specific binding 
reagents- 
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BRIEF DESCRIPTIO N OF THE DRAWINGS 
Figure 1: Hybridization anaiyais using arrays of triraers. Indtvidusi dots {hat 

have bound the DNA fragment are underiined. 
Figure 2A: lUostrates the formatioJi of an array surface that is ready for solid 
5 phase synthesis. 

FigBre 2B; liiystratcs 0-Nitrocarbamatc array making chemistry. 
Figure 3: Surface tsBsion wall effect at ihe dot-interstice interface. The 
droplet containirjg solid phase synthesis reagents does not spread 
beyond the perimeter of the dot due to the sar face tension wall 
10 Figure 4: Hydrogea-phosphonate solid phase oisgonuclectide synthesis or an 
array surface prepared according to Example 1. 
Figure 5; Top and side views of a piezoeiectric impulse jet of the type used to 
deliver solid phase synthesis reagents to indivsd«ai dots in the array 
plate synthesis methods according to the invention, 
15 Figote ^&: Use of a piezoelectric impulse jet head to deliver blocked nucleotides 
and activating agents to individual dots on an array plate. The 
configuration shown has a stationary head/moviog piate assembly. 
Figure 7: Eaclosurc for array reactions showiag array piate, sliding cover and 
maiiif oids t or reagent ioiet and outlet 



20 mAit'^^-P m<:itiPT!QN p^mMmMmim. 

The praetice pf present iaveation cait ioclude a aumber of photoresist 
stibstances. These substances are reaidiiy Jkaown to those of sfcill in the art. For 
c?tampic, aa optical positive photoresist sybstaace (^g^ A£ 1350 (Kovoiac'^ type* 
Hoechst Celaaese^) (Novolac'^ is a isroprietary aavoiak resia» *hicJi is the 
25 reaction product of phenols with foymaldciiyde in aa acid coadcnsatioa laediuni)) 
or an E-beaia posjitive photoresist subsiaacc (e,g.» EB-9 (polymeehacrylate by 
Hoya''^)) can be used. 

A aamber of siloxane fuactionaUzkg reaseats dan be used, for example: 

1. Hydroxyalkyl siloxaaes 

30 (SUylate isarf ace, fiinetibaali^e with diboraae, aad HjOj to oxidize the alcoho!) 

a, ailyl tr tehiorochtorosiUae -> -> S-hydroxypropyl 

b, 7-oct-l-enyl trichiorochidfosilaae -> '> 8*hydroxyoc:tyl 

2. ISioI (dihydfpxyaikyl) siloxaaes 
(silylate surface, and hydrolyze to diol) 

35 a. glycldyi triaiethoxysilane -> -> (2,3-difeydroxypropyloxy)propyJ 
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2. AmisoalkyI sUisxaines (amines require no intermeidijate fiinction*4i 
a. 3-aminoprdpyl trimethbxysilane -> S-atninoprepyl 

4, Dimcric secondary aminpalkyi sUoxaites 

a, bis (Mrjeieihoxysilyipropyi) amiae -> bis <siIy!bxy|propyl) amine 
5 Ijs addition, a cumber of sJternativ* functionaJizcd surfaces can be used in 

the prcsefit inyeiitio?. These iiicludc the following; 

1. Pdlycthyiene/poIypropyienciBnctronalized 
oxidation, and rcdiictioe to hydroxyaikyl sarfawf. 

2. Highly cfc)«sUnkcdp6lystyrcne*divinyib^^ 

lb and aminated to benzyiaiaioc functional surf ace, 

3. Nyion -r the teriainai aiaindhexyl groups arc directly reactive. 

4. Etched, red uced pdiyte traf 1 uoroeth y Jene. 

there are two important chara^:tcrtstics of the masked surfaces ia patterned 
oligonucleotide syntheisiis. First, the masked surface most be inert m the eonditions 

IS of ordinary oiigosucieotide synthesis; the solid surfiace must present no free 
hydroxy, amino or carboxyl groups to the bulk solvenynt^rface. Second* the surface 
oitist be poorly wet by common orgaaic solventis isach ts acetonitrile and the giycoi 
ethers, relaiive to the more polar f «eUQnalia!;cd binding sites. 

The wettiog phehomeflba is a measure Of the surface tension or attractive 

20 forces faetweea molecuies at a soiid -liquid interface, and is def ifled in dy nes/cra*. 
Fludrbciarbons have very low surface tension because of the uaique polarity 
(electroflegativity) of the carbon^flourine bond. In tightly structured Laagaiuir- 
Biodgett type films, surface tension of a layer is priroarily deter mioed by the 
percent of fluorine In the terminas of the alicyl chains. jFpr tightly ordered films, 

25 a single terminftl trifluoiomethyl group will reader a surface nearly as iipophobic 
as a perfiuoroalkyl layer. When fiuorocarboiiis are covaleatly attached to an 
anderlyiag derivatissed solid (highly crosslinfced poiymeric) sapport, the density of 
reactive sites will generally be lo«fCr than Langmuir-^Blpdgett and group density. 
However, the use of iE>erfittoroaikyi niasiking agents preserves a relatively high 

30 fluorine content in the solvent accessible rsgiou of the supporting surface. 

There are- also two important characteristics of the derivaii^ed regions is 
patterned oEgonucieotidc synthesis. The ssffaee must be compatlbk with the 
method of detectjon of hybridization. Radioactivity is largely being rsplsced by 
spectroscdpic, chcmilumineseent and fluorescent deteciion tcchHiques in DN'A 

35 research. It is desirable that the surface be opticaliy transparent, A secoad 
important ehafaeteristic is that the linkage of the pcnultitnate oSigofiucleotide to the 
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surf.ice have high chemical stability, at least cquaj to that of She polyphosphate 

tackborse in DNA. 

The optical properties of glass (polytstrasHoxane) are unsurpassed for 
detection purposes. Further, there arc numerous tcchjiiques developed by ths 
5 semiconductor industry using shick films (!-5 microns) of photoresists to generate 
masked patEcriis of exposed glass surfaces. The best method to dcrivatizc the first 
exposed glass surface is with volatiie fiuoroalkyi silanes using gas phase diffusion 
to create cioseSy packed iipophobic monolayers. The polymerized photoresist 
provides an effectively impermeabk barrier to the gaseous fiuoroalkyi siiane during 

JO the time period of dcrivatization of the exposed region. Folioviiig Iipophobic 
dcrivatization however, the remaining photoresist can be readily removed by 
dissolution in warm organic solvents {methyi, isobistyl, ketone, or N-methyl 
pyrrolidone) to expose a second surface of raw gJass, while leaving the first applied 
siiane layer intact. This second region glass can then be derivatized by either 

15 solution or gas phase methods with a second, polar siiane which contains either a 
hydros yl or amino group suitable for anchoring solid phase oligonucleotide 
synthesis. 

Siloxanes have somewhat limited stability under stroagly alksiiac cofldidons. 

Conditions such as 0.1 N sodium hydroxide, typically employed to strip probes from 
20 nylon hybridizatioa membraaes, should be avoided for reusable glass based 

hybridization arrays. 

Tefloti (pGlytetraf luof oethyieae) itself wotild provide an ideal Upophobje 

surf ace. Patteracd derivatization of this type of material can be accomplished by 

reasctiye ida or plasma ctchiag througiii a physical mask or asing aa electron beam, 
25 followed by rcdactioa to surface hydrojiyinclhyl groaps. However, the opacity of 

teflon at visibie wavelengths severely restrict tie applieable nsethods for detecttoa 

of hybridization. 

Pepend tag po the ultimate appUcation^other orgaaie polymers ha ve desiirabk 
eharacterisitics for patterhed oiigonucledtide synthesis. iPolypropylene is rciativcly 

30 traasp^renl to visible iight. It can be surf see derivatizcd by chromic acid oxidation, 
sad converted to hydrdxy* of anjindmethylated surfaces whieh provide 
oligonncleotide synthesis anchors of high chemical stability. Highly crossliaked 
polystryene^diviayiben^eee (ca. 50%) is aon-swellable^ and can Sw; readily surface 
derivatized by chloromethlylatios and stibsequcnt f uBctibnal grotsp nsaniptilation. 

35 Nylon provides an initial surface of hexylamino groups. 
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The Upophobic patterning of these surfaces can be effected using the same 
type of soiuiioR based thin f Um mastcmg techniques and gas phase derivatization as 
glass, or by direct photocheroicai patterning using o-oitrobcnzylcarbonyl blocking 
groups. Perfluoroalkyl carboxylic and saJfonic acid derivatives rather than silanes 
5 are now used to provide the iipophobic mask of the tinderlying surface doting 
oligonucleotide syatbesis. 

The solution of cheuitcal rcactantcan be added to the f unctioaaUzed binding 
site through utilization of a piezoelectric pump (Figure 5) in an amount where the 
solution of chemicai reactant at eacit binding site is separate from the solution of 
id cbemical reactant at other binding sites by surface tension. As described more fully 
iitfmi in the pump depicted in Figure 5* reactant soiution is inserted through the 
inlet {2) into the chamber (6) formed between the upper (1) and lower (5) plates of 
the piC20* Application of a voitage difference across the upper and lower plates 
causes compression of the piezo, forcing a iaicrodroplet (4) out through the nozzle 

15 m 

Figure 3 depicts the deposition of the reactant solution on a functionalized 
binding site and subsequent reaction with the surface. A micro-droplet of solution 
(Figure 3(a)) is deposited on the functioaalized binding site (center cross-hatched 
region ia Figure 3(b)). Because of the differences in wetting properties of the 

20 reactant solution onthefunctioaalized binding site and the surrounding surf ace, the 
micro-droplet of the reactant solution beads os the functionaUzed binding site and 
the Tcactants in solution react with the surface (Figure 3(c)). 

The piezoelectric pump that may be utilized in the invention delivers minute 
dropiets of liqiuid to a surface in a very precise manner. The pump design tssimilar 

25 to the pumps used in ink jet printings The picopump is capable of producing 50 
micron or 65 picoUter droplets at up to 3000 Hz and can accurately hit a 250 micron 
target in a 900° C oven ata distance of 2 cm in a draft free enviroameiit. Preferred 
embodiments of the apparatus according to the invention are set forth in Example 
3. 

30 Alternative pumpdesigns should take into accoti sit the following physicaland 

mechanical cousiderations for reliable performance to be obtsiaed. When a noa- 
compressiblc f I«id inside of a pumping cavity is subjected to a rapid strong pressure 
pulse, the direction of f iow of the liquid from the cavity is dctermised primarily by 
the sEJcrUal resistance of the liquid displaced. There is more Hquid, and thus 

35 resistance to flow, on the inlet side than through the nozzle port. The coiunin of 
liquid that is forced out of the nozzle begins to neck off as a result of surface 
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teflsion. The stream breaks as the piezoekctric is de-crjcrgizcd, whh the remainsng 
column of liquid drawn back into the nozzle. The droplet that has necked off 
conURues its fUglu with the velocity it achieved m the initial acceieration. 
Typically, the ejectiots velocity is about i-l meters/sec. 
5 In normal printing applications using 150 micron drops of viscous water- 

bascd inks, the head speed i$ typically about 0.5 meter/sec. This motion adds a 
transverse velocity compoaent to the dropJet trajectory and can affect aiming 
accuracy. It may also cause the drop to skip when it hks a surface. Droplets fired 
from a stationary head tend to evaporate more slowly because they follow in the 
10 vapor trail of the prccedieg drop. The heads work most reliably when the inlet 
supply Uses are not required to flex and the liquids are not subjected to acceleratiots 
forces. 

The size of the drop is detcrmiaed prisnarily by the surface tension of the 
solution and by the diameter of the pump nozzle. The snasller the droplet, the faster 

15 it will evaporate and the more its trajectory will be affected by drafts. Nozzles 
smaller than 25 tnicrons tend to become plugged with dust particles. For water, the 
drop diameter is approximately 1.5 times the nozzle diameter. Typically, drops will 
not vary in size by more than .5%. We have shown that the jet wilt also siscccssf uUy 
eject a variety of polar solvents, including QH^CN and MeOH, With these less 

20 viscous solvents, too forceful an ejection pulse may restJlt in the f orisation of a 
scries of trailisg satellite droplets in addition to the primary drop. The daratioo of 
the pulse also affect sateiliting. 

After the cavity has returned to its original state, a period of time must be 
allowed for the aozzle to refill by capillary action before aaother cycle of pulsing 

2$ c&n be initiated. It is important for the nozzle refill only to the top of the orifice, 
hut the liquid mcsssctjs sot spread out onto the front face of the jffit. This is 
prevented by silanizing the face to reduce its surface tension. The head is also 
operated tjnder slight negative pressure to prevent ovetf iillttg. The aim of the drop 
is in the axlai difcetion of the noxzle, b«* defects in the face coating can affect tU 

30 trajectory. 

Arrays of nozzles with up to 64 indepesdeat pumping cfaaaibers but a 
commoa inlet stipply have been fabricated. Itis importaBt that each chamber inlet 
have some resttiction so that opiration oroac pumping chamber docs not affect the 
others. The separation between hojezIcs is typically 400 nsticroas for printing 
35 appHcatioas, bat denser arrays can be prodoced eithef by iaterleaying the transverse 
motion of the target or decreasing the nozzle spacing. 
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Example 1 
Preparation of Array Fiatcs Ready for 

The hybridizatiGB array is syntliesized pii a glass ptate. The plate is first 
5 coated with the stable flubrosUoxaftc 3-( 1 3 -^tfeydroperflaproctylojcy) propyls 

oxysiiane. A COj laser is used to afeiate of f jhegioss of the naofosUoxane an<3 expose 
the under! ying silicon dioxide glass. The piate is theii eoated iwith glyeidylox ypropyl 
trimctHoxysilanc, which reacts paly pa the exposed rcgioes of the glass to fprm a 
glycidyl epoxide; The plate is oext treated with hexaethyteiiegiycol and sulfuric 

10 acid to convert the glycidyl epoxide into a hydroxyalkyi group, which acts as a 
linker aria. The hydroxyaikyl groiip resembles the S^hydr oxide of sacieotides and 
provides a stabie anchor on which to initiate solid phase syathcsis. The 
hydroxyalky! linker aria provides att average distance of 3-4 between the 
dligosBcleotide and the glass surf ace. The siloxane iinkage to the glass is coiapletely 

15 stable to all acidic aad basic deblockiag conditions typically used in oligonudeotids 
or peptidi6i synthesis. This schentic for preparing array plates isillustrated in Figures 
2(A) and 2{B) and was previoasly discussed, 

. Ixjmple.J 

A$$ymbiv Pf Oiifi<>niidieQttdes m the Arm flatus 

20 The hydroxyalkyl»lPxane surface in the dots has a surface tension of 

approximately Y « 4?, whereas the flaproxysilanc has a surface tension off » 18> 
For oiigonucleotide assembly, the spivefits of choice arc acetonitrile, which has a 
surface teiwion of t 29» and diethylglycoi dimethyl ether. The hydroxyalkyi- 
siloxane surface is thus coaipletely wet by acetonitrUe, whiie the fluorosiloxane 

25 masked surface twtweea the dots is very poorly wet by acctonitrJle. JDroplets of 
oligoaueleotide synthesis reagents in acetonitrile are applied to the dot surfaces ahd 
tead to bead up* as shown is Figure 3. Mixing between adjacent dots is prevented 
by the very hydrophobic barrier of the laask. The contact angle for acctonitrile at 
the jjiask-dot jaterfacc is approximateiy 6 = 43*. The plate effccftvely acts as an 

30 array microiiter dish, wherein the individual wells are defined by sarfsce tcEslon 
rather than gravity. The volume of a 40 micron droplet is 33 pkolitsf. The 
maximum volume retajRcd by a 50 micron dot is approximately 100 plcoliter, or 
about 3 droplets. A JOO micron dot retains approximately 400 picoi iter, or about 12 
droplets. At ntaximum loading, 50 micron and |00 micron dots bind about 0.07 and 

35 0.27 f cmtoniolcs oSigon uclcot ide, r espec ti veiy> 
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Assemb!y of oSigonucleotides on the prepared dots (Fsgorc 2B, bottom) is 
carried otit according to the H-phosphosate procedure (Figure 4), or by the 
phosphoroamidite method. Beth methods are well known to those of ordinary skill 
in the art. Oligoniicleotide and ABalogs, A Practical Approach (F. Eckstein cd., 
5 1991). Delivery of the appropriate blocked nucleotides and activattiig agents in 
acetonitriie is directed to individuaJ dots using the picoptsrtip apparatus described 
in Example 3. Ail other steps, {£^, DMT deblocking, washing) arc performed oa the 
array in a batch process by flooding the surface with the appropriate; reagenis. An 
eight nozzH piezosiectric pump head is used to deliver the blocked stucieotidss and 
10 activating reagents to the individual dots, and delivering droplets at 1000 Hz, 
requires only 32 seconds to lay down a 5!2 x 512 {262k) array. Since nose of the 
coupling steps have critical time reauiresnents, the difference in reaction time 
between the first and last droplet applied is insignificant 

15 Constructio n <;> f yjezoalectric Impulse Jet yUMD A pparatM 

Piezoelectric impulse jets are fabricated from Photoceram (Corning Glass, 
Corsssng, N.Y.),a UV seasitivc ceramic, asingstandard photolithographictechiiiQaes 
to produce the pwmp details. The ceramic is fired to convert it to a glassy state. The 
resttltiag blaak is then etched by hydrogen fi«orlde, which acts faster is exposed 

20 then in nonexposcd areas. After the cavity and nozzle details are lapped to the 
appropriate thickness in one plate, the conjpleted chamber is f ormed isy diffosioJi 
bonding a second (top) plate to the first piate. The aoasjsle face is lapped flat atid 
iurface treated, then the piezoelectric eicmcnt is eppxied to the oatside of the 
pamping chamber. When the piezoelectric element is energized it deforias the cavity 

25 aaach like a one-sided bellows, as shown in Figure 5. 

To determine the appropriate orifice size for accurate firing of acetonitrilc 
droplets, a jet head with a series of decreasing orifice sizes is prepared and tested, 
A 40 micron np^szie produees drpplets of ai)on 1 65 picoUter. 

A separate nozzle array head is provided for each of the f our nacleotides and 

30 a fifth head is provided to deliver the activating reageat for coupling. The five 
heads are stacked together with a mechanicaily defined spacing- Each head has an 
array of eight nozzles with a separation of 400 microns. 

The completed punip unit is assembled with the heads held stationary and the 
droplets fired dewnward at a ssovjsg array plate as shown in Figure 6. Thi 

35 completed pump unit assembly (3) consists of nozzle array heads (4-7) for each of the 
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tom mclcoiidsst and a tft head (I) for activating reagcm. When energized, a 
microclrbplct (9) is ejected from the p»rop no22l« and deposited on the array plate 
(i) at a f unctiouaUzed Mading site (2). 

A p^tc feoJiii^jg the target array is held in a nicchaaicai stage and is indexed 
5 in the; X and Y piaaes ijeneath the heads by a syncisroiious screw drives. The 
laechaaicai stage is siiailar to those used ih small milling iRac^iscs, microscopes and 
iaicrptomes, and providesreprodaciblepdsi 

or O.i mil. As shown ia Figure 7, th* plate holder (3) is fitted with a slotted spacer 
<4) which pemits a cover plate 0} t© be slid over the array (6) to form an enclosed 

10 chamher. Periphcf al; ifilet {I) and outlet f2) ports are: provided to aUow the plate to 
!?e flooded for washing, appBcatioa of reagents for a common array reactjos, or 
blowing the plate dry for the next dot array applicatioii cycle. 

Both the stage itnd head assembly arc enclosed in a glove box which can he 
evacuated sr purged with argon to jiiaimaia anhydrous conditions. With the plate 

15 holder slid out of the way, the inlet lines to the heads can be pressurized for positive 
displacement priming of the head chambers or flushing with clean solvent. Enuring 
operation, the reagent vials are maintained at the ambient pressure 6f the box. 

With a six miAUte cbembtry cycle time, the apparatus can produce iO-mcr 
array plates at the rate of I plate or 10® oligonacleotides per houn 

20 Example 4 

Use of Oligonocleotide Array Pistes to Determine the 
rS^UCleOtid^ §<?qMnce of a TarprUiBckiS„A£M 
The piigonacieotide array plate is prepared as described in Examples 1 and 
2. using the apparattis described in Example 3. The array cotstains oligoBucJeotides 
25 hAviiig 10 aucledtides each (lO^mcrs). The synthesis is carried out sssoh that each 
oligonucleotide element, moving in a 5'-3' direction, is identical to the preceding 
element in niicleotide sequence, except that it deletes the 5*-most nocieotide, and 
adds a new 3Vmost oligonscleptide. in this way the total array reprcsests every 
possible permutation of the f ormer oligonuGlcotide. OiigonuclcGtides are spaced at 
30 7 hmintervais to jsrovide an oUgonuclcotide loading density of 3.4x iC~^^moles/cm\ 
or 2.6 X ir** moles per 100 microa clement The target nucleic acid is used to probe 
the oJigonucieotide array plate. The probe is labelied with lOOOCi/amoI P^^, The 
labelled probe is contacted with the dligonocleotlde array piate for hybridizatioa in 
a lOnM solation of probe in 3M Me^NCl at 42^C At !0% hybridization and wash 
35 efficiency, each oiigonuelcotide clement dot having an exact match with the probe 
hiM% 26 attoraolcs of probe. Radioiabel binding is delected using a Bio-Image 
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Amly-izi'^-'^ {Fuji, WaJtham, MA). The pattern of binding is assessed and th? 
nucieotide sequence of the probe ntscietc acid is determined by ordering the 
titiclcotide sequence according to the known sequences of the oUgonucJeotide 
eiements, as shown In Figure j. 

5 Figisrs I depicts a sequencing grrangsmeni based on a isatrix of trimsr 

cUgoniicieotides bound to the array piat<;. Figure 1(a) is the basic matrix consisticg 
of the four nucicotides. Figure 1(b) is the complete trimer matrix, representing each 
of the trimer permutations. The underlined elements in the array rsprcscDt sites 
to which the target nucleic acid is bound. Figure 1(c) depicts how 3 sequence 

Id cotnpleiaeatary to the target nycleic acid is coastrtictcd from the known sequences 
of th« sitfis to whicb the target a ucieic acid is bound. 
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What is claimed is: 

1. A method for conducting chemical reactions between a splatipa of a 
chemical reactaat and an array of funetionalized binding sites oa a siipp^^ 
comprising a ctding the solution of chemical reactant to the futxctioRalized bindlrsg 

5 site in aja arodtiat where the soliitioiJ of chemical reactant at each binding site is 
separate from (he solution of chcmicat reactant at other fejndifjg sitSiS !jy surface 
tetisidn. 

2. The method of claim I whercjln the area of the support surf ace of the 
fuiDctidnaiized bindiag site has a higher surface icnsios relative to the support 
$urfaii;e istJrtoundiaig each ftinctionaiized biodiog site. 

3. The method of claim 1 iwherciia the support sarfice has 10-10* 
f anetioBaliaed bindifig sites per cm*. 

4. The method of diaim I wheteifl the f anctioaalized biadiiig sites arc 
about S0--2OOO microns ini diameter. 

5. The method of claim 1 whereio the voiut&c of the soJtitioo of 
Teagcnt(s) is 50 picoliter to 2 microliter, 

6. The method of ciaim I wherein the chemical reaction between the 
chemicai reactaat aod f UBCtioaalized bisding site forms boyateiitboiids. 

7. The method of claim i whereia chemical reactaflt reacts with the 
fattctioaalized binding site by floa-CQvaleiit specific biadiag interactions. 
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8. An afray plate comprising a wpporrsurface with^ of distinci 
and separated functionaUzed binding sites asd wherein the ares of the 
fanctioaaHted bindrng sites feas a higher surface {ensioa relative to the support 
surface surround each f unctionaiized binding site. 

9. The array plates of ciaim 8 whereia the support surf ace has iO to 10^ 
sites/ ciift* fttnetianaUted binding sites per cm*, 

10. The array plate of ciaim S whereto each f aaGtioBaUzed fetadifig site 
is ahoiit 50-2000 microfts in diaineter. 

11. The array plate of claim S wherein the functioiiaiized binding sites 
are fuactionalized with a reagefli which forms a covaleat chemical i>ond with the 
reagefit. 

12. The array plate of claim 8 wherein the f aactlonalized binding sites 
are functioaaliacd with a reagent that is a wember of a specific biading pair. 

13. A aseibod for mafcis g array plates compf isiag: 

(a) coating a support surface With a positive or negative 
photoresist substance which is subsectueatly exposed to light and 
developed to create a patteraed region of a first exposed sapport 
5 surface* 

(fe) reactiag the first support surface with a f luoroalfcylsilaae to 
form a stable fioordalkylsiloxane hydrophobic matrix on the first 
sapport surf ace; 
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{c} removing the remaining photoresist to expose a second support 

(d) Feacting the seepHd support with a hydroxy ox 
antinoalkylsiiane to f erm4«r ivatixed hydf aphU 

14- The method accofding to claim 13, Whereia tM fiuoroaiky^sil&xaisc 
is tctf adecaf iuoro- j ,U24-tetrahydrpoct3ffl siloxane. 



15. A method fijr makiog array plates comiiris^^^^^ 

(a) reacliag a support surf ace with a hydroxy or amiBoalkylsiiane 
to forsB a derivatized hydfophilie support stir face; 

(b) reacting the support sarf ace form step (a) with o-n itrpbeazyl 
5 carbosyl chloride as a temporary photolabiie biocking to prpvide a 

phocoblocked Rapport isurface; 

(c) cxposiag the photpblocked support surface of step (b> to iigfet 
through a mask to create anbiocked areas on the support surface with 
unblocked hydroxy or affiiaoalkyisiJasie; 

iO (d) reactiog the exposed surface Of step (c) with per auorqalkaaoyl 

baiide or perfJuoroalkyfsulfonyl halide to form a stable bydrophobjc 
(perfluoroacyl or perfluoroalkylsulfonamido) alkyl siloxane matrix; 
md 

(e) exposing this remaining photobiocked sspportsarface to create 
15 patterned regions of the uablocked hydroxy- or aminoaikyisilaBC to 

form the derivatizisd hydrophiUc biuding site regions, 

16. The method according to claim 15, whereia the siloxane is 
pcrf i BorooctanoylGX y propylsiioxane. 



11. The method according to claim 15 wherein the ?jl<3X3jje js 3- 
perf 3 uof oGctanesijilf oaamM 
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